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1.0 


INTRODUCTION 


This report contains the pseudonoise (PN) code library for the 
Tracking and Data Relay Satellite System (TDRSS) Services. This 
library has been defined as a result of work carried out by Robert Gold 
Associates for NASA Goddard Space Flight Center under Contract 
NAS 5-22546. 

The code library contained herein is chosen to minimize user 
transponder hardware requirements and optimize system performance. 
Special precautions were taken to insure sufficient code phase separation 
where required, to minimize cross -correlation sidelobes, and to avoid 
the generation of spurious code components which would interfere with 
system performance. 

2. 0 PN CODE LIBRARY FOR TDRSS 

The PN code library for TDRSS services is listed in Table 1. 
Eighty-five code assignments are identified, with each code assignment 
consisting of PN codes for all forw-ard and return link channels and for 
all modes of operation. Each user spacecraft will receive a code assign- 
ment number which uniquely defines (via Table 1) a set of dedicated PN 
codes. In what follows, the individual code libraries are described and 
the use of Table 1 is illustrated. 

When code generator feedback taps are specified in octal notation 
in Table 1, the translation to actual feedback taps may be carried out as 
illustrated in the following example. 

Octal notation; 1 0 2 2 0 0 5 

Binary; 001 000 010 010 000 000 101 

« 1 -1 18 ^ 13 10 ^ 2 ^ , 

Polynomial; x +x +x +x+l 

The stage of the feedback shift register code generator which receives the 

output of the modulo-two adder corresponds to the x term of the poly- 

2 

nomial; the next stage corresponds to the x term of the polynomial, etc. 



2 


The stage of the shift register has a feedback tap if and only if the 
coefficient of the term of the polynomial is not zero. 

Column 1 of Table 1 designates ihe user number to which is 
assigned all the codes of that particular row. 

Column 2 of Table 1 defines the user-unique initial conditions 
in binary notation of stages 3 through 9 of the A register generating the 
command channel PN code. The initial conditions for stages 1, 2 and 10 
of the A register are always zero. (The stage that receives the feedback 
from the modulo-2 adder is designated as the first stage. ) The corre- 
sponding initial conditions for the B register are always 100100100 0. 

The Gold codes defined by these initial conditions will be balanced in the 
sense that the number of ones in the code sequence exceeds the number 
of zeros by one. As an example of the use of this column, the initial 
conditions of the command channel PN code generator for user code 
assignment 12 is illustrated in Figure 1. 

Column 3 of Table 1 lists the octal representation of the feed- 
back taps for the range channel PN code generator. As an example, the 
feedback taps for the code generator for user code assignment 12 are 

listed as 1023103 (octal) s 001 000 010 011 001 000 011 (binary) s 
18 13 10 9 6 

X +x +x +X+X +X+ 1 (polynomial). The configuration of the PN 
code generator for user code assignment 12 is illustrated in Figure 2. 

Column 4 is an octal definition of the feedback taps for the Mode 1 
return link PN code generator. The configuration of the PN code generator 
for user code assignment 12 is illustrated in Figure 3. The modulo-2 sum 
of the I channel code and the tap from the ninth stage of the shift register 
is used as the Q channel code. The codes chosen have the following 
properties: 

(a) The phase difference between the I and Q channel codes will 
be in excess of 20, 000 chips. The exact phase difference in chips between 
these two codes for each user is listed in Column 5 . 

(b) The spurious codes generated due to filtering and limi.’ng of 
the I and Q channel codes will be phase shifts of each of these codes. 
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The relative phase between the spurious codes and the I and Q channel 
codes will be in excess of 5000 chips. 

Column 6 of Table 1 contains the octal representation of the initial 
conditions for the eleven stages of the A register of the shift register con- 
figuration generating the Mode 2 return link I channel code. The initial 

I conditions of the B register must be 001 (octal) = 0000000001 (binary) as 

shown in Figure 4. 

Column 7 of Table 1 contains the octal representation of the initial 
conditions for the eleven stages of the C register of the shift register con- 
figuration generating the Mode 2 return link Q channel code. 

When the code pairs determined by the initial conditions of columns 
6 and 7 are used for the I and Q channels of the Mode 2 return link, the 
spurious Gold codes generated on these channels due to filtering and hard- 
limiting will not be members of the code library of Table 1. 

All Mode 2 return link codes are balanced. 


I 


i 


1 


■ 




Figure 1« Ccmmand Channel Code Generator for User Code Assignment #12 
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Table 1. Summary of TDRSS Code Libraries 
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Table 1. (continued) 
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Table 1. (continued) 
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Table 1, (continued) 
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Moae 2 
Return Link 
Initial Conditior 
Register C 

112 2 
2230 
046 1 
306 7 
1756 
3 73 5 
3 2 12 
1224 
050 1 
2030 

CD 

Mode 2 
Return Link 
Initial Conditions 
Register A 

2 14 3 
0357 
0 736 
1732 
2513 
: 226 
1414 

2 34 7 

3 176 
3757 

tfi 

Mode 1 
Return Link 
Channel Phase 
Difference in 
Chips 

110203 
75695 
98 275 
70 75 7 
117105 
87 745 
125022 
121793 
696)6 
61200 

i 

! 

Mode 1 
Return Link 
Feedback Taps 

1060065 
1010741 
1 205651 
1004163 

1004205 

1000621 

1530521 

1000517 

1021273 

1000407 

CO ! 

1 

! 

Forward Link 
Range Channel 
Feedback Taps 

1214241 
12 11241 
1031241 
144064 1 
14 2064 1 
1060641 
123014 1 
1070141 
1304141 
1414141 

1 

CQ 

Forward Link 
Command Channel 
Liitial Conditions 
Register A 

■1 

1 

User 

Number 

t^l'-l>C^COCOCOCOCOCO 
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3. 0 SPURIOUS CODES DUE TO FILTERING AND LIMITING 

3. 1 Introduction 

The filtering and hard-limiting of a staggered quadriphase PN 
(SQPN) signal can result in spurious PN sequences in the I and Q channels. 

These spurious sequences may result in false correlation peaks whose 
amplitude and phase will depend on the codes originally used on the I and 
Q channels. This phenomenon was reported in [1] where a physical explan- 
ation for its occurrence was described. In the section, we describe 
techniques for the construction of TDRS code libraries for which this 
type of interference is avoided. 

3. 2 Analytical Description of the Phenomena of 
Spurious Code Generation 

In this section, we prove the following: 

Result : Suppose that a and b are binary (±1) sequences on the I and Q 
channels, respectively, and that sequence b is delayed 1/2 bit 
(SQPN). The spurious sequences which are generated on the I 
and Q channels, respectively, due to filtering and hard- limiting 
are: 

I Channel a a . b . b^ 

Q Channel s b • a j ^ » 

where b^ is the sequence b delayed by one chip and a ^ is the 
sequence a advanced by one chip. 

Proof : The sequence a on the I channel gets amplitude modulation due 

to filtering and hard- limiting when and only when the transition 
sequence of b, namely b*b^, is -1. The output of the I 
channel after filtering and hard-limiting may thus be computed 



= a [l + m' (1 -b*bj)] 


i 
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a 


fL 


a(l + m') - m' a*b*bj . 


The spurious sequence out of the I channel after filtering and 
hard- limiting is a • b • b^ . 

Similarly, the sequence b on the Q channel gets amplitude mod- 
dulation due to filtering and hard-limiting when and only when the 
transition sequence of a, namely (a. a^) is -1. The transition 
sequence in this case must be advanced one chip because of the 
staggering of the sequence b. The output b of the Q channel 

t La 

after filtering and hard-limiting may thus be computed as: 

b 1^1 + m'^1 - (a* 
b(l + m') - m' b • (a* a^^) . 



The spurious sequence out of the Q channel after filtering and 
hard- limiting is b • a j * a • 


3. 3 Results for Maximal Sequences 

If the sequences r and b on the I and Q channels, respectively, 
are maximal PN sequences, then the formulas given in the above paragraph 
for the spurious sequences on the I and Q channels become: 


I Channel - a 
Q Channel s b 


\(i) 
®-i+* (i) ’ 

3 


where and are the shift-and-add functions of the maximal sequences 
a and b, respectively. 

If the sequence b is a proper phase shift b = a^ of the maximal 
sequence a, as in the case of the Mode 1 Return link codes, then the above 


' i i ^ i ] ■ 5, 
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formulas for the spurious sequences become: 


I Channel; + 

Q Channel: . 

3. 3. 1 Selection of the Mode 1 Return Link Code Library 


The Mode 1 Return Link codes were selected from tlie 7776 maxi- 

1 8 

mal PN sequences of period 2 -1. The following three criteria were 

imposed on those sequences which were selected for the TDRS Mode 1 
return link library. 

(a) The number of feedback taps required by the shift register 
generating the sequence is at most 8. 

(b) The modulo-2 sum of the output of the ninth and eighteenth 
stages of the shift register, which is used as the Q channel code, differs 
in phase from the output of the eighteenth stage, which is used as the I 
channel code. Table 2 contains a list of 128 codes meeting criteria (a) 
and (b). Column 1 of Table 2 contains the feedback taps for the shift 
register generators in octal notation. Column 2 of Table 2 contains the 
minimum absolute value of the phase differences between the two codes. 

(c) The maximal code and its phase shift, which are used on the 
I channel and Q channel, respectively, result in a spurious code. 

The spurious codes which appear on the I and Q channels are 
both phase shifts of the original codes on these channels. The codes 
chosen for the TDRS library were such that each of the spurious codes 
differs from the original codes by at least 5000 chips. The formula for 
each of the spurious codes was given above in terms of the original code 
a used for the I channel, its phase shift a^j. used for the Q channel, and 
the shift- and- add function of the code. 

For each code selected, the following inequaliti. s were satisfied: 


A 



> 5000 


t 


\ 


I 


1 


( 


I 

f 


I 


Jp 



-'•i: 




■W- 




I 


15 


B 

C 

D 


|T-*^(T+*^(l))i 
♦a(-* -’■*V»)| 


(1))| > 5000 

> 5000 

> 5000 


The exact values for these quantities which represent the separation 
between each of the spurious codes and the I and Q channel codes are 
give in columns 3 through 6 of Table 2. 
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Table 2. Spurious Code Separation on I and Q Channels for Maximal 

PN Codes 


Feedback 

Tap 

T 

A 

B 

C 

D 

1000047 

94672 

99071 

46572 

68400 

120899 

1431503 

35529 

73642 

10990 

38113 

46519 

1012633 

100097 

71591 

10792 

90455 

110889 

1012715 

37927 

36653 

100986 

74580 

123230 

1010551 

20125 

70588 

20535 

90713 

40660 

1101063 

127909 

121432 

40600 

12802 

87309 

1010463 

124686 

71164 

105604 

53522 

31853 

1011267 

48528 

100201 

2177 

113414 

46351 

1010313 

122601 

97594 

29931 

25007 

109611 

1125611 

130803 

110527 

94362 

20813 

36441 

1010211 

42628 

4092 

104344 

46720 

115171 

1011333 

121824 

32249 

42227 

108070 

79597 

1010163 

81188 

49233 

42378 

31955 

38810 

1011533 

61209 

120461 

126259 

80473 

74675 

1010133 

36812 

124301 

51122 

101030 

14310 

1011553 

66194 

66314 

27402 

120 

38792 

1011347 

53036 

28176 

28342 

81212 

81378 

1116115 

74458 

116998 

67722 

42540 

6736 

1011261 

104408 

117487 

87531 

13079 

70204 

1011571 

102103 

118005 

42205 

15902 

117835 

1012527 

• 97306 

99310 

74714 

65527 

22592 

1012547 

82029 

7646 

31783 

74383 

50246 

1007705 

88320 

127211 

46834 

38891 

126989 

1012363 

106369 

77503 

12219 

78271 

118588 

1013525 

43037 

106473 

69532 

112633 

26495 

1201011 

38185 

35745 

66444 

73930 

28259 

1007543 

117274 

112079 

63956 

32817 

80940 

1013625 

98985 

2934 

69777 

101919 

93381 

1007501 

46045 

79330 

71959 

125375 

25914 

1014555 

49892 

52171 

127574 

2279 

84677 

1007417 

91623 

61619 

85635 

30004 

84885 

1716201 

124677 

112743 

107348 

11934 

30118 

1007315 

124514 

118034 

97016 

6480 

40613 

1015037 

25407 

72334 

63683 

46927 

38276 

1007263 

79938 

84748 

112181 

4810 

70024 

1230121 

53510 

10542 

15851 

64052 

37659 

1014365 

38428 

11648 

29760 

26780 

68188 

1014475 

33738 

l.;811 

8893 

20927 

42631 

1007165 

45941 

44146 

22232 

90087 

23709 

1141703 

30125 

124973 

91583 

94848 

61458 

1007121 

57531 

113575 

57062 

56044 

469 
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Table 2 (continued) 


Feedback 


Tap 

T 

A 

B 

C 

D 

1021553 

26391 

108868 

117098 

126884 

118654 

1001705 

83753 

1156 

3456 

84909 

87209 

1020277 

22264 

78516 

49064 

100780 

71328 

1001661 

59945 

18884 

29994 

41061 

89939 

1017611 

113772 

34797 

50703 

78975 

63069 

1001651 

106789 

106999 

34083 

210 

121271 

1017511 

103124 

78712 

46784 

80307 

112235 

1001631 

65712 

116272 

77798 

50560 

12086 

1017311 

58281 

127059 

116337 

76803 

58056 

1001625 

112199 

303 

128769 

112502 

21175 

1017161 

123092 

122573 

99984 

519 

39067 

1001607 

77447 

288 

72712 

77159 

4735 

1017071 

25412 

44340 

119670 

18928 

117061 

1001567 

130143 

107134 

40714 

23009 

89429 

1016705 

95338 

109774 

3869 

57031 

91469 

1021473 

95661 

130065 

13754 

36417 

81907 

1021475 

111502 

74499 

61587 

37003 

89054 

1001453 

62504 

3834 

57152 

58670 

119656 

1133015 

74581 

38260 

84248 

112841 

103314 

1001427 

130092 

52159 

111397 

79892 

■ 18695 

1101533 

91020 

92236 

45479 

1216 

45541 

1001361 

94465 

130782 

55137 

36317 

112541 

1402335 

92879 

87112 

78947 

5767 

13932 

1001253 

39646 

80534 

74193 

120180 

34547 

1301323 

2 5494 

71738 

85506 

97232 

111000 

1001165 

128965 

42198 

63897 

90980 

65068 

1015631 

115634 

113704 

33036 

32805 

82598 

1001141 

25409 

29125 

120390 

54534 

127799 

1025051 

78323 

88542 

79437 

95278 

104383 

1001023 

103808 

69049 

18623 

34759 

122431 

1021355 

42612 

16253 

106684 

58865 

64072 

1010615 

98036 

129971 

130493 

34136 

33614 

1021363 

27778 

89845 

116555 

117623 

88777 

1000757 

77032 

86262 

26119 

9230 

50913 

1060065 

110203 

76345 

58589 

33858 

93451 

1010741 

75695 

48672 

129881 

124367 

54186 

1205651 

98275 

14939 

109980 

113214 

11705 

1000743 

39070 

10743 

35679 

49813 

3391 

1021237 

25929 

60652 

4856 

34723 

30785 

1000621 

87745 

46969 

39633 

127429 

48112 

1530521 

125022 

102429 

117511 

22593 

19610 

1000517 

121793 

114231 

37410 

26119 

102040 

1021273 

69616 

57251 

59068 

12365 

128684 

1000407 

61200 

97605 

129487 

103338 

71456 
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Table 2 (continued) 


Feedback 

Tap 

r 

A 

B 

C 

D 

1324243 

80029 

120933 

104897 

22894 

24858 

1000355 

86513 

26326 

98844 

60187 

76786 

1020753 

. 60361 

63651 

415 

3290 

59946 

1000347 

56667 

60953 

69200 

4286 

12533 

1020771 

105837 

78433 

77517 

77873 

78789 

1000333 

47180 

87301 

107958 

40121 

60778 

1032067 

25351 

55549 

91916 

80900 

117267 

1000201 

131066 

65543 

105253 

65534 

25813 

1017243 

55015 

50209 

116896 

105224 

61881 

1000173 

44889 

63689 

104930 

18800 

60041 

1017261 

27451 

123602 

2029 

111090 

25422 

1011055 

122484 

83516 

15647 

56143 

106837 

1016435 

111283 

79067 

108352 

32216 

2931 

1000077 

50633 

22399 

90459 

73032 

121051 

1016561 

74848 

124695 

13476 

62600 

88324 

1000743 

39070 

10743 

35679 

49813 

3391 

1002031 

25966 

89999 

18895 

115965 

7071 

1002061 

118080 

29509 

34328 

88571 

83752 

1002075 

53402 

1541 

27973 

51861 

25429 

1002133 

44099 

18763 

21782 

25336 

65881 

1002171 

77081 

18733 

65585 

95814 

119477 

1002211 

127440 

73780 

101224 

60923 

33479 

1002441 

. 87008 

117880 

121608 

30872 

34600 

1002623 

26908 

33839 

56636 

60747 

83544 

1002705 

123686 

81303 

122913 

42383 

773 

1002741 

61389 

35562 

37406 

96951 

23983 

1003011 

116324 

123251 

61815 

6927 

54509 

1003035 

104186 

11708 

79811 

115894 

243 .j 

1003053 

56674 

88670 

47747 

116799 

104421 

1003451 

64366 . 

105487 

35997 

92290 

100363 

1003461 

100841 

22023 

62563 

122864 

382 78 

1003521 

112683 

17377 

74519 

130060 

38164 

1004073 

129297 

81429 

13735 

47868 

119111 

1004163 

70757 

35315 

93182 

35442 

98204 

1004205 

117105 

53576 

19897 

63529 

125141 

1004313 

105605 

33792 

122434 

122746 

16829 

1004455 

73891 

18375 

69091 

55516 

4800 

1004545 

61333 

59745 

52380 

121078 

8953 

1004623 

35112 

118949 

47688 

83837 

12576 

1004643 

24800 

4063 

30665 

28863 

5865 

1004645 

98791 

43137 

108322 

55654 

9531 

1004711 

96374 

9510 

117598 

105884 

21224 

1005035 

70603 

13936 

86087 

89539 

15434 


iMi mi I 



I 


I 


& 


19 


I 


3.4 


Results for Gold Codes 


two memhers of a family of Gold codes are used in SQPN, 

then the spurious sequences which appear on the I and Q channel due to 

filtering and hard-limiting are also members of the Gold family. More 

precisely, we have the following. 

i - K I 
r = a« b. 


Result ; Let |g = a • b^j be a family of Gold codes generated by the 

maximal linear PN sequences a and b . Suppose that, on the 
I channel, we have the code and that on the Q channel, we 
have the code g^. The spurious codes on the I and Q channels, 
respectively, are 


Proof: 


I Channel: g 


- l+0b[j-i+^b(lO 


Q Channel: g 

Using the result of Section 3.2 with a = g^ and b= g^, we have 
the following expression for the spurious codes: 


I Channel: a«b*b 


1 


(g^)j 


a*b. . a*b. • a *b_ , 
i 3 1 3+1 

a,.b, 

i- l+^b(j“i+*^’b^^U 


4 * ^+^^(j-i+yi)) 


g 


J 
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Q Channel: b • a j * a 

■ (g^).l(g') 

Fx* b. • a ,• b. , • a • b. 

j -1 i-1 1 

j-i+^^((i-j)-i + Pj3d)) 

g • 

Corollary : If the argument of the shift-and-add function in the above 

expressions is zero, then the spurious sequence in the corre- 
sponding channel is a maximal sequence. 

3. 5 Construction of Mode 2 Return Link Library 

The code library for the de 2 return link consists of 85 code 
pairs of period (2^^-l) selected from the members of a Gold family. 

The first member of the code pair is used for the I channel and the 
second member of the code pair is used for the Q channel. The code 
pairs of the library are chosen so that the spurious Gold codes which 
occur on the I and Q channels, respectively, due to filtering and hard- 
limiting do not belong to the library of 85 codes and hence cannot cause 
interference problems. In the following section, we show how the library 
is constructed. 

3, 5, 1 Code Library Equations 

The spurious codes which appear on the I and Q channel, respec- 
tively, when the code pair of the library is g^ and g^ have been shown in 
Section 3.4 to be: 


a 


I 


1 


I 



L. 
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I Channel Spurious Code: g b*" " ’’b 


j- 1 ^ 


Q Channel Spurious Code: g 

We first choose j and i such 
for the Q channel spurious code is zero. Thus, we have: 


We first choose j and i such that the argument of <^. in the expression 

b 


j s i - 1 + ^j^(l) . 


is computed to be 1029 and hence we have: 


j s i + 1028 


This choice of j guarantees that the spurious code which appears on the 
Q channel will be some phase shift of the maximal sequence a and hence 
not a member of the code library. 

With the above choice of j, the spurious code which appears on 
the I channel is 


i-l+(^jj(10) 

g = g 


0 j^(lO) is computed to be 1495 and hence we have for the spurious Gold 


code on the I channel: 


i+1494 


g 


We now choose for the codes of the I channel the Gold codes 


0 1 465 

g *g « •••»g 


and for the corresponding codes of the Q channel 


1028 1029 1493 

g *g ♦•••»g 


The spurious codes on the Q channel will always be a phase shift of the 
maximal sequence a . The spurious codes on the 1 channel will be the 
Gold codes 
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1494 1495 1959 

6 »8 • 

3. 5. 2 Generation of Gold Codes 

In order to generate the Gold codes specified in Section 3,5,1, we 

define a to be the maximal linear code generated by the polynomial 
2 5 8 11 

1+x +x +x +x and having the initial conditions 

00 01 (octal) = 0 0 0 0 0 0 0 0 0 0 1 (binary) , 

We define b to be the maximal linear code generated by the polynomial 
2 11 

1+x +x and having the initial conditions 

00 01 (octal) = 00000000001 (binary). 

The Gold code g^ * a*b, for example, is thus generated by the shift 
register configuration shown in Figure 5, 



Figure 5. Generation of Gold Codes 
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The Gold code g is generated by delaying the sequence b by k bits with 
respect to the sequence a and multiplying the resultant sequences a and 
b|^ to obtain g » a • bj^ . 

To obtain the initial conditions of the sequence b , we clock the 

11 ^ 

generating shift register in Figure 5 (2 -1)- 1 times. 

The initial conditions of the sequence b. correspond to the state 

^ 11 

vector of the upper register of Figure 5 when it is clocked (2 -l)-k 

times. Thus, to generate the Gold code g using the configuration of 
Figure S. we use these initial conditions for the upper register and the 
initial conditions 0 0 01 (octal) * 00000000001 (binary) for the lower 
register. The initial conditions required to generate the code pairs deter- 
mined by the equations of Section 3. 5. 1 have been computed and are listed 
in Table 3. 

Table 3 contains a listing of the 466 pairs of Gold codes (specified 
by the initial conditions of the registers A and C in Figure 4) determined 
by the equations of Section 3. 5. 1. Each of the 466 code pairs in the listing 
has the property that, if the first member is used on the I channel and the 
second member is used on the Q channel, tlie spurious codes which result 
from filtering* and hard-limiting will not be any of the codes contained in 
this listing. Those code pairs of Table 3 for which both members are 
balanced are designated by ♦ and the first 85 such code pairs were taken 
for the TDRSS Mode 2 return link code library. 
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4. 0 SPECTRAL PROPERTIES OF FORWARD LINK COMAIAND 
CHANNEL AND MODE 2 RETURN LINK CODES 

4. 1 Introduction 

One of the reasons for encoding transmissions in the TDRSS is 

to achieve signals which satisfy flux density restrictions imposed by the 

International Radio Advisory Committee (IRAC). The maximal linear 

sequences such as were selected for the encoding of the Mode 1 Return 

Link are ideal in this respect since the spectral lines generated by such 

codes are of uniform amplitude over the entire frequency band (except 

at multiples of the code repetition frequency) and hence the spectrum 

of the resultant transmissions consist of spectral lines which follow a 
2 2 

sin x/x envelope. 

Since the pseudo noise codes which were selected for the forward 
link command channel and the Mode 2 return link are Gold codes, they 
are not maximal. The spectral lines generated by these codes are thus 
not of uniform amplitude and hence it is of interest to compare spectral 
lines of the signal resulting from the use of these codes with those obtained 
using maximal codes of the same length. 


\ 
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4. 1 Description of Results 

The spectra of the forward link command channel and Mode 2 
return link codes were computed and, for each case, the maximum 
spectral line was compared widi the maximal spectral line for the case 
of 9 . maximal pseudo noise code of the same length. The ratio. 



where a .is the code and p is the code period, is a measure of the relative 
performance of the nonmaximal code libraries in achieving low flux density 
when compared with the maximal PN codes. 

Table contains the above ratio (listed under the columns labeled 
"Spectral Increase DB") for each user code for the forsvard link command 
channel and the Mode 2 return link I and Q channels. 

The computer program used to generate the forward link command 
channel and Mode 2 return link codes and to compute the above ratio via 
the Fast Fourier T’^ansform is included in Appendix A. 
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Table 4. Spec-ral Increase Due to Nonmaximal Codes 
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Table 4. (continued) 
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1171 

7.7 

1535 

7.3 

35 

1 1 1 1 1/ 

7.4 

3471 

6*9 

2245 

7.7 

36 

1113111 

6.2 

3457 

7.5 

2273 

7.2 

37 

1313312 

7*6 

3136 

8*2 

3561 

3.1 

33 

3331111 

7.5 

3671 

7*1 

2145 

7*6 

39 

1113313 

7*1 

3552 

7*5 

0313 

7.3 

43 

3331313 

8.2 

2225 

6*4 

1337 

8.4 

41 

1331213 

2*5 

2566 

7*7 

3715 

3.1 

42 

3131111 

8*4 

3223 

7.3 

2437 

8.4 

43 

1131313 

7*6 

1271 

7.7 

1745 

7.3 

44 

J311313 

8*6 

2562 

7.9 

3713 

6.3 

45 

1121111 

7.4 

1344 

7*6 

3626 

7.5 

46 

3311111 

6*9 

3135 

7.3 

2163 

7.1 

47 

mini 

3*3 

2722 

7.5 

3473 

7.7 

43 

1111111 

7*4 

2466 

8*1 

3655 

3.5 

49 

1323113 

6.2 

3661 

7.9 

2551 

7.1 

S 3 

3113131 

7*1 

1543 

8.3 

1322 

8.1 

51 

1112131 

7*3 

3337 

3.2 

2644 

3*2 

52 

3313113 

7*3 

2617 

7.4 

1513 

7.0 

53 

3221131 

6*6 

1436 

8.3 

3221 

8.1 

54 

2112113 

7*1 

3566 

7.9 

3315 

7.5 

55 

1131121 

9.2 

3354 

7.6 

2632 

8*5 

56 

3221113 

6*5 

2731 

7.6 

1465 

7.3 

57 

3311131 

6*2 

3125 

8.3 

2577 

6*6 
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Table 4. (continued) 


FORWARD KODB 2 KOCE 2 



LINK 

SPECTR4L 

rn 

c: 

JO 

spectral 

RETURN 

5r EC TR 4L 

USER CODE 

CO Hi-. AND 

1 NCR E&S £ 

LINK 1 

1 NCREASE 

LINK 0 

1 NCR £A S £ 

ASSIuNKEM 

CHA.SNEL 

06 

CHANNEL 

05 

channel 

D5 

58 

0131113 

7*7 

1257 

7.6 

1770 

7.2 

59 

nci 113 

6.7 

2 742 

7.3 

3420 

7.9 

6J 

13111C1 

6.5 

1371 

3.3 

1605 

7.6 

61 

12111 1J 

7.3 

2762 

8.4 

3413 

7.5 

62 

0111113 

6.9 

3622 

6.9 

0133 

7.1 

63 

1111113 

6.9 

3444 

3.3 

3266 

7.6 

64 

2 ZZZZZ 1 

8.3 

311J 

7.3 

3554 

7.3 

65 

1203331 

8.2 

2221 

8.2 

1331 

7«3 

66 

1111131 

8.5 

2443 

7.4 

2662 

7.7 

67 

110J321 

6.2 

0 732 

7.3 

0467 

7.5 

63 

02133:i 

7*6 

1665 

7.2 

1157 

3.0 

69 

0000311 

3.6 

3553 

7.6 

2336 

7.0 

n 

2110221 

7.2 

1532 

8.3 

3.357 

8.0 

71 

1112021 

7.1 

3265 

7.4 

2757 

7.4 

72 

0001221 

9.6 

2553 

7.3 

1736 

7.7 

73 

1003011 

3.3 

1326 

3.5 

3675 

6.9 

74 

01023 1 1 

7.8 

3261 

8.1 

2751 

3.4 

75 

112120-1 

3.4 

3261 

7.6 

2451 

7.6 

76 

3211221 

7.7 

2143 

7.9 

1122 

7.5 

77 

1011031 

7.5 

2357 

7.9 

2230 

7.3 

78 

0111201 

6.3 

2736 

7.4 

0461 

7.7 

79 

1111001 

7.1 

1732 

7.7 

3067 

7.2 

33 

0232131 

7.3 . 

2513 

7.6 

1756 

7.2 

81 

1332131 

7.4 

1223 

7.7 

3735 

G .3 

82 

1122311 

3.3 

1414 

8.7 

3212 

7.2 

83 

1132101 

9.1 

2347 

7.2 

1224 

7.7 

34 

0012311 

6.5 

3176 

8.3 

3521 

8.3 

85 

1213101 

6.3 

3757 

7.4 

2330 

3.4 
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